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@ A process for decaffeinating green coffee beans with active carbon.

@ A process for decaffeinating green coffee beans by
extraction with water and treatment of the aqueous extract
with active carbon, characterized in that the active carbon
has a specific adsorption capacity for caffeine of at least 100
g/kg carbon, as defined herein, a specific selectivity of at
least 0.200, as defined herein, and exhibits positive correla-
tion between, on the other hand, the concentration of the
bean extract, and on the other hand, the load ratio of
caffeine/non-catfeine extract solids in the adsorbent when in
equilibrium with that bean extract.
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A process for decaffeinating green coffee beans with active carbon.

This invention relates to the decaffeination of green coffee beans
by means of active carbon.

Processes hitherto used on a commercial scale for the decaffeination
of green coffee beans have employed chlorinated hydrocarbons. In one of
the methods used, the green coffee beans are moistened, i.e., saturated
with water by a steam treatment, whereafter the moistened beans are
extracted with the organic solvents referred to.Klapproth (British patent
314,059) suggested first making an aqueous extract of the green beans, and
treating this aqueous extract, rather than the beans themselves, with .
chlorinated hydrocarbons. _

The extract contains, in addition to caffeine, the directly
soluble solids, i.e., the components which are soluble in water without
hydrolysis of the beans. The ratio of the caffeine content of the extract
after complete extraction to the content of dissolved non-caffeine solids
is then the same as in the dry beans. To give an idea: tpe caffeine content
varies in different coffees from approximately 0.89 to .approximately 3.0%,
and.the content of soluble solids from approximately 20 to approximately
30%. According to Klapprdth, the resulting aqueous extract is treated

-with a water—-immiscible organic solvent having a selective absorption

capacity for caffeine. The decaffeinated extract is recycled,and the
extraction—-absorption cycle .is repeated until the beans are sufficiently
decaffeinated. | '

The beans are then discharged, and the extract is replenished with
an amount of water corresponding to the amount of water absérbed by the
beans discharged. The resuitipg solution is used for subjecting a second
portion of beans to an extraction-absorption cycle. This is repeated for
a third portion oﬁ beans, etc.

In U.S. patent 2,309,902 (General Foods), the above principle of
extraction~selective extraction with recycling is elaborated to a continuous
or semi-continuous process in whiéh extraction is carried out under
counter-current conditions.

That, in practice, chlorinated hydrocarbons are used in all cases,

has to do with the fact that these liquids are little soluble in water
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and exhibit a high absorption selectivity relative to the system of
caffeine-non-caffeine components. For health considerations, however,
these substances are not considered harmless. At any rate, minute
residues of these solvents for caffeine must be carefully removed from
the decaffeinated beans. This is effected by prolonged steaming, which is
not favourable to the organoleptic guality of the rcasted beans produced
from these beans.

For this reason, a great deal of research work has been done to
find alternative methods.which are fully acceptable-from hygienic and
organoleptic points of view. Thus experiments have been run with active
carbon. In this connection it has been proposed to extract the beans with
water, and then to remove the caffeine from the extract with active
carbon. It is difficult, in these active-~carbon processes,
to prevent a loss of solids. Such loss is little acceptable as being un-
favourable both from a commercial point of view and from an organoleptic %
point of view. One reason is that active carbon is considerably less . - %
selective in adSorbing cdfeine from an aqueous solution of caffeine and
soluble non-c#feine solids than are chlorinated hydrocarbons.For this
reason attempts have been made to apply certain expedients to enhance
the selectivity of the active carbon. Thus, for example, according to
ﬁuropean patent application 8,398 (Coffex), the active carbon is previously

treated with sugar.

One disadvantage of this is that foreign constituents are introduced

Itothe system, which may be objectionable under merchandise legislation.
According to European patent applicatiop 42294 (General Foods),
the active carbon is subjected to such a pre-treatment that the active
carbon particles are covered with a thin layer of a water-immiscible liquid
having a selective aasorption capacity for c#feine. The degrees to which the
active carbon thus treated can be loaded, however, .are very low.
It is an object of the present invention to provide a process with
whlch the desired result can be achieved without recourse to artifice
which complicates the process and/or makes it more difficult to control,
or may give rise to d;fficulties under merchandise legislat;on. It is a
further object of the present invention to provide such a process that
permits being converted in a continuous process that is easily controllable.

In this connection we have gained a number of new and suiprising insights,
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which each in themselves leads to processual improvement, and jointly to
an optimiiation that permits of ready adaptation of circumstances in each
specific case (cost price of beans, cost price of active carbon, content
of caffeine and non-cafféine soluble solids in the beans, capital
investment in equipment, etc.). These insights will be separately
discussed hereinafter, whereafter the process that can be based on these
insights will be described in more detail.

In the first place, we have found that, whereas the prior art
continually refers to "active carbon" without any further specification,

great improvements in the practice of the process can be achieved by a

careful selection from the various commercially available carbons,

applying certain criteria for the various characteristics. ’ :
A second new insight concerns the fact that, at least in some active

carbons, selectivity increases with the concentration of the extract from

the green beans. That this .is surprising appears from the followiﬁg.

Per unit of active carbon, a specific number of "actiﬁe places" is present.

For example, if we have a relatively iow concentration, in which 16 g of

caffeine and 220 g of non-caffeine .solublesare present per liter

of extract, the "excess" of molecules. of non-caffeine solids which compete

for the active places of the active carbon relative to the caffeine

molecules is 204 g/l. If, on the other hand, we have an extract that is

twice as concentrated and contains, for example, 32 g/l caffeine and

440 g/1 of non-caffeine solids, the same excess is 408 g/l, i.e. twice as‘

high. The obvious e#pectation that the selectivity would become worse instead

of remaining egual or becoming better, is expressed, for example, in

European patént application 4712 (Nestlé), which states a preference for

dilute solutions (see claim 7 and the examples).

‘ 0f advantage for a complete utilization of the above discovery of

the applicants is the additional discovery that, at the conventional

extraction temperatures, the concéntration of the extract can be increased

to ‘a very high exﬁent without fﬁe viscosity increasing to a value leading

to practical difficulties in the extraction. Thus the viscosity of a

60% extract solution of green beans at 80°C is only 4.3 centipoises. This :

means that we have to do with a thin-liquid medium, which is also acceptable !

in the case of droplet extraction (“tfickle flow").
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A fourth new insight of the applicants is that in the
commercially available carbons, there are large differences as regards
the ratio between selectivity for caffeine and total adsorption
capacity for caffeine, i.e., there are carbons which have a high adsorption
capacity relative to a pure caffeine solution, but a low selectivity in
the system of water - caffeine - non-caffeine extract solids. The same
is true the other way round.

It is clear that, preferably, a carbon should be selected with a
positive correlation between this adsorption caéacity and-this selectivity,
i.e., as high é selectivity as possible and at the same.time as high an
adsorption capacity as possible. This can in part be effected emperically
for which, as we have found, a search can be made among'carbons characterized
by the following standard properties. -

Total active area: 1000 - 1200m*/g according;to the N2 BET method
(BET method = Brunauer, Emmet and Teller; Journal Am.Chem.Soc.
60-309, 1938).

Iodine adsorption: higher than 1000 mg/gram
Methylene blue adsorption: less than 300 mg/gram

On the ground of the above-described insights, the present invention
provides a process for decaffeinating green coffee beans by extraction
with water, and treatment of the aqueous extract with active carbonm,
characterized in that the active carbon has a specific adsorption capacity
for caffeine of at least 100 g/kg carbon, a -specific selectivity of at
least 0.200 and a positive correlation between, on the dne hand, the
concentration of the bean extract, and on the other hand, the load ratio
of caffeine/non-caffeine extract solids in the adsorbent when in eguilibrium
with that bean extract. ]

Preferably, use is made of an active carbon having a specific
adsorption capacity for caffeine higher than 300 g/kg carbon and a specific
selectivity higher than 0.4. Particularly good results are obtained with a

specific adsorption capacity higher than 450 g/kg carbon and a specific

-selectivity higher than 0.6.

The choice of active carbon can be applied to otherwise known processes,

such as those described in the above literature. More specifically, however,
it can be applied to a novel process'we have developed, in which counter-
current extractionof the beans is combined with counter-current selective

adsorption of caffeine from the resulting agueous extract by active carbon,



—~ il

2

10

15

20

25

30

0111375
-5~

and recycling the extract thus produced to the counter-current extraction

stage.

Preferably, under conditions of process equilibrium, this process

is characterized by the following co-acting process stages:

a)

b)

c)

supplying the green coffee beans with a water content less than
that of the total water adsorption capacity at the prevailing
extraction.temperature, and subjecting them at a temperature

of 60-120°C, 'and under counter-current conditions, to

moisténing and extraction with the aqueous extract produced

sub ¢, in such a manner that the concentration of the

final extract is higher than the bean equilibrium concentration,
and the caffeine content is reduced to a pre—determined
percentage p, c;lculatedcxxthe basis of the air-dry beans,with

the beans being discharged in maximally swollen condition;

treating .the final extract produced sub a~mdacounter-curren1;
conditions with active carbon having a specific adsorption
capacity 6f at least 100 g/kg, a specific selectivity of at least
0.200, and a positive correlation between, on the one hand,

the concentration of the bean extract, and on the other hand,

the ratio of loading of caffeine/non-caffeine extract solids

in the adsorbent when in equilibrium with said bean extract,
said counter-current treatment being carried out in such a

manner that the caffeine content is reduced to a percentage

g,depending on the perceﬂtage p mentioned sub a;

returning the decaffeinated extract produced sub b to the
process stage mentioned sub a, while adding an amount of watex
to this extract, equal to the amount adsorbed by the beans ‘in

process stage a and together with the beans ultimately

removed from this process stage.

As regards the preferred embodiments relating to the specific

adsorption capacity and the specific selectivity, reference is made to
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the ranges indicated above.

In a preferred embodiment of the invention, the beans are
supplied to process stage a in the air-dry state.

Preferred temperatures range between 60° and 95°C. EHighly
suitable is a temperature around 80°C.

The term “bean equilibrium extract" as used above means an
extract which,-as rega;ds exchange of solids, is in egquilibrium with
beans to which just so much water has been added aé corresponds to
the maximum gquantity absorbed by them with swelling. This bean
equilibrium extract mostly has a concentration of about.21 % by weight
of total solid. all substances in the beans which are directly soluble
{i.e. without hydrolysis) are then in the dissolved condition within
the beans. When the beans are supplied .in ihe dry state, they withdraw
water from the extract. Accordingly, when the extraét is recycled,
its concentration will be increased. In principle, this can continue
by selecting particular process conditions until the extract is in
equilibrium with the extract solids in the dry state in the dry beans,
i.e., that the extract is fully saturated as far as these -extract
sﬁbstances are concerned. .

The ercentage p will in practice depend on the statutory
regulations existing in the various countries. In most countries it will
have tobe less than 0.1%. 7

The specific adsorption capacity, as referred to herein, is given
by the number of grams of caffeine adsorbed by 1 kg of the active carbon-
when,.at 80°Cc, it is in equilibrium with an agueous caffeine solution
having a concentration of 20 g caffeine per liter.

The specific selectivity of the active carbon, as referred to
herein, is defined as the load ratio of caffeine/non-caffeine extract
solids in the active carbon, determined with a bean equilibrium extract
in equilibrium with the laden active carbon at a temperatuie of 80°c.

The dependence of g on p follows from the mass balances of the
system. A control of the total system to remain within the ranges
specified is effected in the mannexr conventional in cohtinuous processes.
Favourable process parameters can be theoreticaliy calculated, at least

by approximation,using known computing methods, with empirical adjustment
in practice.
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Preferably, process stage a is carried out in accordance with
the "droplet-extraction" method ("trickle flow"). In it, the interspace
between the particles is not filled with extract liquid. The liquid
is sprayed onto a bed of beans and subsequently percolates through it.
Normally, the collected liquid is immediately recycled for a major
part. A suitable embodiment is that in which the beans are supplied
on a conveyor belt divided into extraction sections, as will be illustrated
hereinafter in and by an example and with reference to the accompanying
drawing. One advantage of "droplet extraction" is that the amount of
liquid which circulates in the system at a given moment is much less
than in the case of "full flow", in which the interspaces between the
beans are fully filled with extraction liquid. One.consequence of this
is that the residence time of the dry material, present in the extraction
liquid, is considerably shorter, which is favourable to the organ&ieptical
guality. All this will be discussed more fully hereinafter. Naturally,
the use of an extraction battery is also possible. The treatment of the
extract with active carbon for the adsorption of the caffeine is preferably
carried out in an adsorption battery. The active carbon particles are
much smadler than the beans. For this reason, "uniform" mdistening of the
particles in a bed is considerably more difficult. In this case, therefore,
"full flow" may be advantageous. As stated before, this can be realised
in a simple manner in a adsorption battery.

A great advantage of this continuous process, additional to the
advantages correlated to the particular choice of the active carbon, is -
that the beans only have to be dried once. In other proposed processes
using active carbon, the beané have to be dried a first time, then enabled
to absorb extract, and subsequently dried for a second time. In addition,
an additional step is required for concentrating the extract.

example, European paent applications 40,712 and 8,398).

(see, for

The above-described continuous process will be explained more
fully hereinafter with reference to the accompanying drawing.

The drawing shows a flow sheet of the process according to the
invention in case both the extraction of the beans and the adsorption of

the caffeine from the agueous solution produced during “the extraction are
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effected counter-currently.

For the sake of clearness, the extraction section is shown
divided intothree sub—séctions; this is also the case with the adsorption
section. In practice, it is not necessary, of course, to use three
separate extractors in the extraction section; no more is it necessary
to use three separate battery systems, for example, in the adsorption
section. In practice, therefore, EB' E1 and E2 will represent departments
of, for example, one and the same conveyor belt extractor, or one and

the same extraction battery system. The same applies to E4 and ES'

3° Stream (14)
represents the beans in fully moistened condition :(i.e., the state of

At (1) the air-dry beans are supplied to E

maximum swelling). The beans then arrive in El' in which the caffeine

is extracted from the beans to the extent necessary. The beans leaving
E1 are separated from the extract,resulting in stream of beans (2).

The appending extract is indicated by the stream -(12). In E2L a washing
process takes place, during which the appendant extract is exchanged
against water. This results in stream of beans (3) with appendant water
(23). At (4), clean washing water is supplied. At (5), the washing water
exits from E2, enriched with the extract solids present in stream (12).
Stream {(5) is combined with stream (10) from the adsorption section.

Together these form the stream (7), which enters E, and there extracts

1
the caffeine in counter-current conditions. Exiting from El is the
stream of caffeine-rich extract (16), which is passed to E3. In E3, the

dry beans absorb water from this stream of extract (16). The stream of
extract (6) accordingly leaves E3 with a higher concentration of solids
than the stream of extract (16).The stream (6) is supplemented with the
stream of washing water (8) to be described hereinafter. to form stream

of extract (9). This stream of extract (9) is passed to ES counter-currently
to the active carbon. As the active carbon normally consists of fine

particles (diameter of the particles, e.g., approximately 1 mm),

supply in slurry condition is usually indicated. If mdstening is difficult -

which occurs frequently - particular measures have to be taken to

accomplish this. For example, the carbon may first be subjected to partial

s bt s
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vacuum before'water is added. Also, boiling with water leads to the
desired result. The dry carbon is indicated by stream (18), the water
by (17).

As indicated, ES is preferably a battery system {(as eonventional,
for example, in the extraction of roasted coffee for preparing a coffee
extract, processed to produce instant coffee powder). The slurry exits
from E5 as a slurry consisting of laden active carbonz designated (20),
and extract. designated (19). The stream of extract (19) has the same
composition as (9). The slurry (19 + 20) enters the washing unit E, for

4
washing the carbon. At the other end of E4, the stream of clean

washing water (11) enters. In practice this can be effected, for example,
by first causing the slurry to enter a unit, as also used in the battery
system ES' and then causing the extract between the carbon particles to

be displaced by clean washing water supplied from above. This displaced

extract is designated by (8) and after being mixed with (6) is passed

as stream (9) to Es, as indicated. After the displacement of the extract

(8) the slurry comprising laden carbon (22) and water (21) is discharged
from E

4
The exiting stream of beans (3) is dried and roasted in the

conventional manner. The laden carbon (22) is dried and, if the carbon
lends itself thereto, regenerated by burning the adsorbed substances. This
is standard technology and results in regenerated active carbon which,

possibly after replenishment, can be re-used in the process.

ExamEle.

E3 - E1 - E2 form a conveyor belt system, e.g., a de Smet

extractor as described in Australian patent 402,344. The total volume

of beans presentin the system at a given moment is 72 m®. The conveyor

belt has the following dimensions: length 18 m, width 2 m and thickness

of layer of beans 2 m.

The velocity of the conveyor belt is controlled so that the

total residence time of the beans is 15 hours, which comes down to a
production of 1.8 tons of decaffeinated (air—dry) coffee;mnﬁhour.
E, = Eg is a battery system of eight columns,of which six form

part of ES' one is used farwashing (E4), and cone is used for
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putting the slurry of fresh carbon in readiness. The dimensions of
each column are: diameter 80 cm and height 4 m. Every four hours,
the column put in readiness with 480 kg of fresh carbon slurry on
one side is taken on-stream, and the column with slurry of laden
carbon at the other side is taken off-stream and emptied.

The carbon used herein has the following characteristics:

Total internal area according to B.E.T. 1100 nm?/g

Total pore volume - 0.95 cr?/g

micropores(r < 0.5 nm) 0.42 e’ /g

medium pores (r = 0.5 - 50 nm) 0.08 cr? /g

macropores (r > 50 nm) 0.45 cr® /g

Py 6.0

Iodine adsorption 1150 mg/g carbon
- Methylene blue adsorptioﬁ 269 mg/g carbon

Coffee produced in this manner is practically fully decaffeinated.
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CLAIMS.

1. A process for decaffeinating green coffee beans by extraction
with water and treatment of the agueous extract with active carbon,
characterized in that the active carbon has a specific adsorption
capacity for caffeine of 'at least 100 g/kg carbon, as defined herein,
a specific selectivity of at least 0.200, as defined herein, and
exhibits positive correlation between, on the one hand, the
concentration of the bean extract, and on the other hand, the load
ratio of caffeine/non~caffeine extract solids in the adsorbent when
in equilibrium with that bean extract. .

2. A process according to claim 2 for continuous mode, characterized
under conditions of process equilibrium, by the following co-acting
process stages: )

a) supplying the green coffee beans with a water content less
than that of the total water absorption capacity at the
prevailing extraction temperature, and subjecting them at a
temperature of 60-120°C, and unter counter-current conditions,
to moistening and extraction with the aqueous extract produced -
sub ¢, in such a manner that the concentration of the
final extract is higher than the bean equilibrium concentration,
as defined herein, and the caffeine content is reduced tq
a pre—determined. percentage p, calculated on the basis of the
air-dry beans, with the beans being discharged in maximally
swollen condition;

b) treating the final extract produced sub a under counter-current
conditions with active carbon having a specific adsorption -
capacity of at least 100 g/kg, as defined herein, a specific
selectivity of at least 0.200, as defined herein, and a
positive correlation between, on the one hand, the
concentration of the bean extraét, and on fhe other hand,
the ratio of loading of caffeine/non~caffeine extract solids

in the adsorbent when in equilibrium with said bean extract,
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said counter-current treatment being carried out in such a
manner that the caffeine content is reduced to a perxcentage
g, depending on the percentage p mentioned sub a;

c) returning the decaffeinated extract produced sub b to the
process stage mentioned sub a, while adding an amount of
water to this extract,equal to the amount adsorbed by the
beans in process stage a and together with the beans
ultimately removed from this process stage.

3. A process according to claim 2, characterized in that the beans
are supplied to process stage a .in the air-dry state.

4, A process according to claim 2 or 3, characterized in that

process stage a is carried out in accordance with the "droplet-extraction”

method ("trickle flow") at a temperature of between about 60° and about
95°c. ’
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